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The new coronavirus SARS-CoV-2 (COVID-19) is responsible for the current global pandemic, representing a health challenge with few precedents in human history.

At the time of writing this manuscript, COVID-19 infected 6.42 million people and caused about 700,000 deaths \[[@CR1]\]. SARS-CoV-2 infection can have a completely asymptomatic or mildly symptomatic course, but in some cases, it can also cause systemic hyperinflammation, pulmonary fibrosis and scarring with lung collapse, multi-organ dysfunction, and patient death \[[@CR2]\]. To date, no effective or antiviral vaccines against SARS-CoV-2 are available, treatments are mostly experimental, so it is very important to know the advantages of current therapeutic solutions to decrease the aggressiveness of the viral infection, avoiding serious complications and consequent patient death. The most serious phases of viral infection are characterized by a sudden and excessive release of pro-inflammatory mediators, which leads to lung damage with extensive fibrosis and rapid onset of respiratory distress syndrome \[[@CR3]\]. Studies have shown that bilateral interstitial pneumonia caused by COVID-19, so called because it attacks the tissue covering the lung alveoli, is associated with the presence of fibrotic tissue caused by excess collagen (fibrosis) in the lung crevice with associated hyperinflammation present. In this direction, the use of a pharmacological approach to reduce or prevent fibrotic status, with antifibrotic agents such as pirfenidone, used with demonstrated clinical efficacy in idiopathic pulmonary fibrosis \[[@CR4]\] can be a valuable aid in the prevention of serious or fatal complications from COVID-19 in patients with ongoing infection, or in those already healed with residual fibrotic lung lesions \[[@CR5]\].

SARS-CoV-2 and Lung Fibrosis {#Sec2}
============================

Pulmonary fibrosis is a pathological consequence of interstitial pulmonary diseases and is characterized by the persistence of fibroblasts and excessive deposition of collagen and extracellular matrix, as well as the destruction of normal pulmonary architecture \[[@CR6]\]. The progression of pulmonary fibrosis leads to a loss of pulmonary function with damage to the correct exchange of oxygen capillary alveoli \[[@CR7]\]. Causes of pulmonary inflammation include age, smoking, and viral infections \[[@CR8]\]. Among the pathological mechanisms are altered oxidative stress and excessive production of reactive oxygen species (ROS); altered TGF-b, FGF, and PDGF contribute to the development of fibrosis \[[@CR9]\]. A hyperactive inflammatory state such as that present in the most severe stages of COVID-19 infection, caused by the cytokine storm, is probably the main cause of pulmonary fibrosis responsible for severe and in some cases fatal lung lesions. Evidence shows that the most severe cases of COVID-19 have an extensive presence of pulmonary fibrotic tissue, and data show that serum levels of the above-mentioned cytokines and growth factors causing pulmonary fibrosis are strongly increased in patients with COVID-19 \[[@CR10]\]. Mediators such as TGF-β, VEGF, Il-6, and TNF-α vascular dysfunctions can lead to the progression of fibrosis \[[@CR11], [@CR12]\].

The pathophysiological similarity between IPF and COVID-19 viral infection suggests a similar pathogenetic mechanism of pulmonary fibrosis in these two diseases; therefore, it is hypothesized that drugs useful for the treatment of IPF could also be useful for patients with COVID-19.

Pharmacological Approach with Antifibrotic Therapy {#Sec3}
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The reason for the use of antifibrotic therapy in COVID-19 patients is primarily based on the following objectives: to avoid serious complications and fatal lung injury in patients with ongoing infection, to accelerate the healing process in healed patients with residual reversible fibrotic lesions \[[@CR13]\]. As described above, unregulated immune/inflammatory mechanisms as a result of a cytokine storm promote pulmonary fibrosis \[[@CR14]\].

To date, there are antifibrotic drugs such as pirfenidone and nintedanib used with proven efficacy in the treatment of IPF. Specifically, pirfenidone is attributed to pleiotropic actions \[[@CR15]\] (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Antifibrotic therapy, pleiotropic effects of Pirfenidone

In fact, existing data indicate that pirfenidone has both antifibrotic and anti-inflammatory properties and is able to mitigate the proliferation of fibroblasts and the production of proteins and cytokines associated with fibrosis; it also mitigates the accumulation of extracellular matrix in response to cytokine growth factors such as TGF-β and PDGF \[[@CR16], [@CR17]\]. Data suggest that pirfenidone has more anti-inflammatory and antioxidant effects than its exceptional antifibrotic capacity. Indeed, the data show that with early use, its strong anti-SOD activity and inhibition of the effects mediated by IL-1 and IL-4, an important therapeutic scenario for the prevention of interstitial pulmonary fibrosis caused by COVID-19, can be opened. To date, the therapeutic efficacy of antifibrotic therapy in pulmonary fibrosis induced by SARS-CoV-2 is still being investigated in clinical trials. Nevertheless, evidence has already demonstrated the efficacy of antifibrotics in diseases with profibrotic pathways activated by immune/inflammatory dysregulation, which may have similarities with those caused by SARS-CoV-2 infection \[[@CR18]\]. A key aspect to consider is the timing of the onset of antifibrotic action. In some severe cases of SARS-CoV-2, the evolution towards a severe pulmonary fibrotic lung state can be very rapid which can lead to antifibrotic therapy not acting in time; probably in these cases, a therapeutic regimen combined with immunomodulants (IL-1 or IL-6 inhibitors) and antifibrotics could lead to an important and more effective pharmacological synergism. Synergistic therapy could more quickly counteract the anti-inflammatory and antifibrotic pathways and mitigate their consequences.

Although many patients who develop SARS-CoV-2 respiratory distress syndrome survive the acute phase of the disease, data have shown that some of them die from progressive pulmonary fibrosis \[[@CR19]\]. However, some studies indicate that pulmonary fibrosis is more prevalent in patients who have a longer duration of viral infection, suggesting that antifibrotic therapy should be administered early to be more effective clinically.

It should also be added that a percentage of patients cured of COVID-19 show radiological and physiological abnormalities consistent with fibrotic lung disease; even in this type of patients, a medium-long-term antifibrotic therapy may be necessary to accelerate the complete healing process \[[@CR20]\].

Monotherapy or Combination Therapy {#Sec4}
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While pirfenidone in the acute phase of the disease can be used in combination with anti-inflammatory drugs to limit the damage produced by the cytokine storm and avoid the death of the patient, in the chronic phase, when the patient is saved and cured of the infection, pirfenidone can be used to eliminate residual complications, such as fibrotic tissue in the lungs. This can be done in monotherapy or together with other medications if there are multiple post-infection complications \[[@CR21]\].

Several reports suggest, however, that there are differences between IPF and COVID-19-induced pulmonary fibrosis, diversity in the rapid evolution of the fibrotic and inflammatory state, and a highly developed procoagulant effect in SARS-CoV-2 viral infection \[[@CR22], [@CR23]\]. All these considerations suggest that other treatments should be implemented in synergy with antifibrotic therapy. The use of steroids or inhibitors IL-1/IL-6 is important to reduce inflammatory status. The use of spironolactone may be of significant importance in fibrosis prevention \[[@CR24]\], the use of anticoagulants may reduce the risk of thrombosis, and the administration of antivirals is important to reduce the viral load. In addition, agents acting RAS could be efficacy by increasing of ACE-2 with a key role protective in the lungs.

Conclusions {#Sec5}
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The global COVID-19 pandemic seems to be continuing, and the lack of effective and antiviral vaccines directed against SARS-CoV-2 forces scientists to seek new treatment options from existing therapeutic solutions. In this article, we have described the pathophysiological similarities of SARS-CoV-2 virus infection with IPF.

One of the causes of severe lung injury is pulmonary fibrosis. While waiting for antivirals directed against SARS-CoV-2, a valid therapeutic solution to avoid the most serious complications in patients with ongoing infection or aimed at accelerating healing processes in patients after COVID-19 infection can be represented by antifibrotic therapy, in therapeutic regimens combined with other drugs. Ongoing clinical studies will provide us with the necessary evidence.
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